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ABSTRACT
We present optical spectropolarimetry along with optical and infrared broad-band filter polarimetry of selected warm [f(25 ~m)!f(60 ~m) ~ 0.3] lRAS galaxies and other known Seyfert 2 galaxies.
Broad lines in polarized flux have been detected in a number of type 2 lRAS galaxies. From a determination of the intrinsic polarization of the scattered radiation it has been possible to model the optical and near-IR flux density and degrees of polarization, for a number of objects, with a cone-based scattering geometry. In all these cases an additional polarizing mechanism was required to match the near-IR data, and this was successfully modelled by a dichroic view of the near-IR emitting regions through the postulated torus which surrounds the type 1 core.
For those objects which show broad lines in polarized flux, and for which the intrinsic polarization of the scattered radiation could be calculated, the inclinations to the line of sight tend to be low. The broad Hoc luminosities calculated for the lRAS galaxies are more typical of QSOs than Seyfert 1 galaxies.
Only a fraction of the lRAS galaxies observed exhibit broad lines in polarized flux indicating that either the scattering region is also obscured, or the broad lines are thermally broadened and rendered unobservable, or the unified theory is incorrect. Evidence supporting the former case is presented.
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The lRAS mission made the first infrared (IR) sky survey that was sensitive enough to observe a significant number of extragalactic objects. Approximately 96 per cent of the sky was covered down to '" 0.5 Jy at 12, 25 and 60 Illll, and to '" 1.5 Jyat 100 Illll (IRAS Catalogs and Explanatory Supplement 1985) . One of the most interesting discoveries was of a population of IR-Iuminous galaxies, having far-IR luminosities (LFIR) in the range 10 1°_ 10 12 L o ' that are optically faint with a far-IR to blue luminosity ratio of LFIR/LB = 10-100 (Armus, Heckman & Miley 1990) . Except for blazars and some other flat-spectrum core dominated objects, this far-IR emission is thought to be thermal emission from dust grains (Edelson & Malkan 1987) , with the IR emission requiring significant amounts of dust, of the order of 10 8 _10 10 Mo (Soifer et aI. 1987) . This dust hides the intrinsic power source that heats the dust, and both starbursts (Joseph et al. 1984; Rieke et al. 1985) and an obscured active galactic nucleus (AGN) (Soifer et al. 1984; have been proposed for the driving luminosity.
It is now believed that the 60-1OO-1llll region of the spectrum is dominated by stellar processes, either the galactic disc (deGrijp, Miley & Lub 1987) or star formation. Most lRAS galaxies are starburst galaxies, and along with 'normal' galaxies they make up 97 per cent of IR flux-limited samples. The warmer the IR emission, i.e. high 25-to 60-1llll flux ratios, the more likely the galaxy is to be AGN driven. More than 70 per cent of lRAS galaxies with [(25 I1m)/ [(60 11m) Z 0.3 are Seyfert galaxies, as identified by their optical spectra and are mainly of type 2 (Osterbrock & DeRobertis 1985) . From the ratio of the lRAS 12-l1m flux to ground-based, small-aperture, lO-l1m flux, Hill, Becklin & Wynn-Williams (1988) determine that the higher then 25/60-l1m flux ratio, the more compact the IR emission region, again consistent with AGN activity.
At high luminosity it had been thought that type 2 AGN are rare (Antonucci 1993) , however, with the discovery of many 10 11 _10 12 Lo type 2 objects in the lRAS survey this perception may be wrong. Recent evidence, supporting the unified theory of AGN, indicates that at least some type 1 and type 2 objects are in fact the same but observed at different viewing angles with selective absorption, classically shown for NGC 1068 by Antonucci & Miller (1985) . It might also be expected that the lRAS type 2 AGN harbour luminous type 1 engines. This was first postulated for IRAS 23060 + 0505 by Hill, Wynn-Williams & Becklin (1987) to explain the 0.5-100-l1m spectral energy distribution. To account for the polarization characteristics of this object, proposed the scattering of radiation from a hidden continuum source, like1y to be a QSO. More direct evidence comes from the identification of broad Ha in the polarized flux spectrum (Young et al. 1996) , and from the observation of broad, ~ 4800 km s -\ Paa in the total IR spectrum (Hines 1991; Nakajima, Carleton & Nishida 1991) , thus showing that there is a hidden type 1 nucleus. The obscured nucleus explanation was also invoked to explain the energy distributions of IRAS 00521 -7054 (Frogel & Elias 1987) , and IRAS 20460 + 1925 (Frogel et al. 1989) , amongst others. For IRAS 20460 + 1925 Hines (1991 also observed broad Paa in total flux, showing, again, that the hidden nucleus was of type 1. Obscured broad-line regions (BLRs) have also been detected in polarized flux, for IRAS 20460 + 1925 (Kay & Miller 1988; Kay, Antonucci & Coleman 1992) , for IRAS 11 058 -1131 (Young et al. 1993 ) and for IRAS 22017 + 0319 . Further evidence to support the theory that lRAS galaxies contain obscured type 1 nuclei stems from the modelling of the polarization properties of IRAS 09104 + 4109 (Hines & Wills 1993) and IRAS 13349 + 2438 (Wills et al. 1992 ).
The aim of this work has been to use broad-band filter polarimetry and optical spectropolarimetry to determine whether other lRAS galaxies show evidence of obscured type 1 nuclei. A selection of warm lRAS galaxies was taken from deGrijp et al. (1987) and other lists, along with some of the well known type 2/obscured-type 1 objects deemed worthy of further study. The initial selection of galaxies have [(25 I1m) if(60 11m) Z 0.3, though this limit was broken for objects which were considered of particular interest. The sample is not a complete one, and therefore, a statistical analysis of the AGN properties has not been attempted. To test the unified theory of active galaxies the model of Young et al. (1995) is then applied to those objects for which the intrinsic polarization of the scattered radiation could be determined.
The observations and data reduction are presented in Section 2, and the general properties of the observations are described in Section 3. The application of the scattering Narrow-line active galaxies 1207 model is described in Section 4, this is followed by a discussion of the results in Section 5, and we draw conclusions in Section 6. Further notes on selected objects which were not modelled are presented in the Appendix.
Throughout this paper Ho=75 km s-' Mpc-1 and qo=O have been used.
OBSERVATIONS AND DATA REDUCTION
Broad-band filter polarimetry
Optical and near-IR broad-band polarimetric observations were obtained using the 3.8-m United Kingdom Infrared Telescope (UKIRT), Hawaii, in conjunction with the University of Hertfordshire built optical/IR polarimeter HAT-POL (Hough, Peacock & Bailey 1991) , on the nights of 1992 October 19, 20, 21 and 22, and 1993 February 19, 20 and 21 . Additionally, Mrk 231 was observed with the same instrumental setup, on 1993 February 22. Observations are simultaneously made in U, B, V, R and I, and one of 1, H, or K. The optical filters can be exchanged for broader passband 'white light' filters if the object flux levels are low. The IR photometer UKT9 was exclusively used on the IR channels. The apertures used were 5.0 and 7.8 arcsec during the 1992 October observations, and 5.0 arcsec for the 1993 February observations.
The observations are listed in Table 1 . The observations on the night of 1992 October 21 were degraded by occasional cloud, as well as an instrumental failure, which meant that some of the observations made at 'V', were in fact made through the non-standard filter Corning 3384 and were partially vignetted.
Optical spectropolarimetry
Spectropolarimetric observations were carried out with the 3.9-m Anglo-Australian Telescope (AAT) with the RGO spectrograph, in conjunction with the University of Hertfordshire built waveplate modulator, on the nights of 1992 March 7, 8, 9 and 10, and 1993 July 15, 16, 17 and 18. For the 1992 March observations the 1024 x 1024 pixel Thompson CCO was used, binning by two in rows, and windowed to 1024 x 54 pixels. The grating used was the 600V, giving a spectral coverage of ~ 1200 A; the slit width was 1.7 arcsec, and a two-hole dekker, with 2.7 x 2.7 arcsec 2 apertures, was used giving a projected separation of 23 arcsec on the sky. The night of 1992 March 8 was affected by thin cirrus and thicker cloud later in the night.
The 1993 July observations were performed using the same dekker as the previous run, but with a slit width of 2.0 arcsec. The detector used was the 1024 x 1024 Tek CCO, which gives a factor of three efficiency gain at HfJ compared to the Thompson CCO. The 270R grating was used giving a spectral coverage of 3380 A, allowing both Ha and HfJ to be covered in one observation. The nights of 1993 July 15 and 18 were affected by cloud cover, with the latter night being heavily disrupted.
Observations were made in the usual optical spectropolarimetry mode, four exposures, one each at a waveplate angle of 0°, 45°, 22~5 and 67~5, with the object in one of the two dekker apertures, the other aperture acting as a sky 480  480  749  749  480  480  480  480  787  307  240  240  317  317  346  346  461  461  202  202  490  202 1075  557  288  240  240  288  288   499   288   432  240  192  259  259  720  240  288  192  710  710  384  538  422  874   384  269  269   422   480  394  480  480  480  480  480  237  237  480  480  317  96  125  96  960  480  480  576  240  192  144  672   499   240  326 observation. Then, usually, the object would be switched to the other aperture. Additionally, spectropolarimetric observations were made of Mrk 463E on the night of 1991 February 22, using the 4.2-m William Herschel Telescope (WHT) with ISIS and the EEV CCD on the red arm. An ll-aperture dekker was used with the 158R grating, giving a spectral coverage of 3064 A, and a 1.02-arcsec slit at a position angle of 95°. The dekker apertures are4 arcsec square with a projected separation of 16 arcsec on the sky.
The observations are listed in Table 2 . For the broad-band filter polarimetry, the system functionality was checked by means of separate observations of an unpolarized star through a Glan prism, which gives 100 per cent polarization. These observations also provide a calibration for the position angle of polarization and the polarizing efficiency of the IR channels. The UKIRT set of faint photometric standards (Casali & Hawarden 1992) were used for flux calibration, and observations of polarized standards (Serkowski 1974) were used as an additional check on the polarization calibrations. Airmass corrections were made using a multiplicative factor based on the zenith distance of the object at the time of the observation and the known extinction relationship for the observing site. The optical spectropolarimetry data were reduced using FIGARO (Shortridge 1993 ) and the polarimetry reduction package TSP (Bailey 1992) . Wavelength calibration was achieved from observations of CuAr and Ne arcs. Polarizing efficiency and the slight wavelength dependence of the position angle of polarization, because of the wavelength dependence of the fast axis of the superachromatic waveplate, were calibrated by observations of unpolarized stars through a HN22 Polaroid. Oke spectrophotometric standards (Oke & Gunn 1983) were used for flux calibrations for the 1992 March observations, and with Taylor standards (Taylor 1984 ) in 1993 July. The zero-point for the position angle of polarization was determined from observations of polarized standards (Serkowski 1974) . Atmospheric absorption features were removed from the object data by dividing the data by normalized observations of smooth-spectrum atmospheric standards, after absorption features intrinsic to the stars had been interpolated over. Probably because of incomplete airmass correction and/or slightly changing weather and seeing conditions, it was not always possible to completely remove the atmospheric absorption features from the object spectra.
The WHT spectropolarimetry was reduced in a similar fashion to that from the AAT. The Oke standard Feige 34 was used for flux calibration and the polarized standard HD 154445 was observed to determine the zero of the position angle of polarization.
GENERAL PROPERTIES
The broad-band polarimetry
The data for the active galaxies observed with HATPOL in 1992 October and 1993 February are listed in Table 3 . For most of the galaxies the polarization is low, or the errors large, and interstellar polarization owing to the Galaxy could be a major contaminant. No observations were made of distant stars within the Galaxy to determine the interstellar polarization, so for this study it has had to be ignored. Also, the polarization measurements have not been corrected for positive bias, which can be significant at low signal-to-noise ratio. In general, therefore, further analysis was made for high-polarization objects, or those objects with good quality data, for which the low polarization was an obvious property of the active galaxy.
Those galaxies that are known to have broad lines in polarized flux generally have 'V-shaped' wavelengthdependent polarization, i.e. the percentage polarization rises to both the blue and IR wavelengths, or the polarization rises only to the blue. The exceptions appear to be IRAS 20460 + 1925 and Mrk477, both of which have low near-IR polarizations, and also low U and B polarizations, although the data for these objects are not conclusive.
Some of the objects observed show changes in the position angle of polarization with wavelength. This appears to be due to two different mechanisms. The first is when the degrees of polarization are low, for example Mrk 1 and IRAS 08572 + 3915, and thus interstellar polarization, which will probably have a different position angle, can have a significant effect. The second, when the degrees of polarization are high and the expected interstellar polarization is low, would appear to be intrinsic. This is the case for NGC 1068 (Bailey et al. 1988; Young et al. 1995) 
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Also, the percentage polarization generally drops with increasing wavelength. This demonstrates that there is either a different polarizing mechanism, or, if scattering is still responsible for the polarization, then the scattering geometry is different. This might be expected when the source itself is visible, scattering may be observed close to the nucleus, which cannot then be considered a point source. This can alter markedly both the percentage and position angle of polarization of the scattered radiation depending upon the exact geometry involved.
Spectropolarimetry
The spectropolarimetric observations from 1992 March and 1993 July are illustrated in Figs 1 (a-x) . Inspection of the polarization spectra reveals that essentially all the objects show some depolarization owing to the narrow-line flux. This implies that at least some of the polarization in each objects is intrinsic to the host galaxy, and that the cause of the polarization does not affect all of the narrow-line region (NLR). For those objects which show increased polarization around the narrow lines, e.g. IRAS 20210 + 1121, the core of the lines still depolarize. The line cores are presumably formed in the parts of the NLR more distant from the active nucleus, and it is this region, at least, that is not affected by the polarizing mechanism.
Gaussin fits, using both the FIGARO Gauss routine (Shortridge 1993) and TWODSPEC (Wilkins & Axon 1991) , were made to the lines in total flux, including any broad component to the permitted lines, and these are listed in Table 4 . The polarized flux spectra were binned to increase the signal-to-noise ratio and Gaussians were fitted. The technique used for the polarized lines was to fit a Gaussian to the broad wings of the line, or complex of lines, and this was assumed to be the broad-line radiation. Other Gaussians were then fitted to account for the narrow lines in polarized flux, when needed. The polarized broad-line fluxes, for those objects which clearly exhibited broad Hoc in the polarized flux spectrum, are listed in Table 5 .
MODELLING OF INDIVIDUAL OBJECTS
Numerical modelling of the polarization properties of eight objects observed with broad-band and/or spectro-polarimetry was carried out using the scattering/dichroic model of Young et al. (1995) . The results of this modelling are described individually for each object and are presented in Figs 4 to 8, Figs 10 to 12 and in Table 6 .
The model is based on a cone shaped distribution of scatterers (possibly an outflow). The scatterers can be free electrons and/or small dust grains, with the size of the grains being chosen so that Rayleigh scattering prevails throughout the wavelength range covered. The optical depth to the scattering region is a product of the scattering cross-section and the number of scatterers. The latter is defined in terms of an inner scattering radius, with associated particle number density, and the number density of scatterers varies with radial distance, as ocr-2 • An outer scattering radius is also assumed. For the continuum/BLR radiation, extinction before and after scattering is taken into account. The direct view to the emitting regions undergoes absorption in the postulated torus, surrounding the type 1 active core, with the amount of extinction being a variable from object to object, and is assumed to follow an interstellar-type extinction. As a starting point, the extinction law of Savage & Mathis (1979) , as extended to the infrared by Landini et al. (1984) , was used and then the exponent of the extinction power law was allowed to vary to make a fit to the observations. The radiation traversing the torus can become polarized by dichroic absorption, for which a simple Serkowski form has been assumed (Serkowski 1973) , but withpmaxlAv as a free parameter. It is also assumed that the electric vector of the dichroic polarization component is parallel to the electric vector of the overall scattered polarized component.
For the modelling of the spectropolarimetric data the galaxy NGC 5548 was used as the scattering source function, after subtraction of a stellar component consistent with that derived by Ward et al. (1987) and McAlary & Rieke (1988) . NGC 5548 was chosen because it has little internal reddening and its spectral energy distribution is typical of Seyfert 1 galaxies, although there is ~ 20 per cent scatter in the observed spectral energy distributions averaged over U to L (Ward et al. 1987) . A spectrum of the inner regions of M31 (Coleman, Wu & Weedman 1980 ) was used as a stellar template in modelling the spectropolarimetric data, a variable amount of which was added to the calculated scattered spectrum to match the observed flux density and polarization data. When modelling the HA TPOL data, NGC 5548 is again used as the source function, with the stellar contribution being one of the types from McAlary & Rieke (1988) . Spectral and filter data, when both were available, were modelled separately. The now standard picture for the unified theory of Seyfert galaxies, as described by Antonucci & Miller (1985) , has the type 1 nucleus surrounded by a geometrically-and opticallythick torus. In type 2 objects radiation from the nuclear regions can escape along the polar axis of the postulated torus and be scattered into the line of sight. In this scenario, both the continuum and broad-line photons should be scattered in the same manner and thus should have the same intrinsic polarization. Thus, if a broad-line component can be identified in total flux, assuming that it is because of scattering, its ratio with the broad-line polarized flux gives the intrinsic polarization of the scattered radiation, and hence, gives the inclination of the system to the line of sight. ,.
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..... .... The intrinsic polarization determined in this way dictates that the direct view of the nuclear region is unimportant at optical wavelengths. The estimated error in the calculated inclination arises from the error in the percentage polarization determined from the broad-line ratio, and this is approximately ± 4° for most of the objects modelled here.
Since we are assuming a cone-based scattering geometry, the half opening-angle of the cone is an obvious paramet~r.
In general this parameter is unknown, although in some cases it may be gleaned from ionization or polarization images, and is found to be 25°-30° (Wilson & Tsvetanov 1994) . It should be noted, however, that images may underestimate the cone width; for example if a cone intercepts a disc of material, then the observed cone width depends upon the exact interception geometry and can be less than the true cone width. However, cone half-angles of :s; 45° are expected from statistical analysis of the ratio of Seyfert 1 to Seyfert 2 galaxies (Lawrence 1991) and from modelling of the infrared spectral energy distribution of AGN (Efstathiou & Rowan-Robinson 1995). Thus narrow cones are assumed, the half-angle of the cone being less than 45°. Under this restriction the inclination to the line of sight is the dominant parameter; for example, if the inclination is 30°, then varying the cone half-angle from 0° to 30° (the maximum allowed for the object to still be of type 2) the percentage polarization varies between12 and 14 per cent; if the inclination of a cone, with a half-angle of 30°, is changed from 30° to 45° then the polarization can be between 12 and 27 per cent. We have thus taken a convenient value for the cone half-angle of 25° or 30°, and we alter the inclination to achieve the correct polarization. The model assumes filled cones; partially filled cones could alter the determined parameters significantly. The model is deemed to fit the observations when the error in both total flux and percentage polarization is minimized as the filter wavelength points or selected points from the spectropolarimetry. Whilst this is counted as successful if the error is of the same order as the averaged observational error, it is possible that there may be another 'solution' widely separated in parameter space. This object is very compact (Carico et al. 1990) , being dominated by a single nucleus, although the nucleus is elongated in the north-west to south-easterly direction, with signs of previous interaction through the presence of double tidal tails, the northern tail being approximately 40 kpc in length (Sanders et al. 1988) . Previous broad-band polarimetry (Jones & Klebe 1989) has shown that the percentage polarization rises markedly in the near-IR.
The broad-band spectrum is very red, with a marked rise in the observed flux between the optical and near-IR wavelengths (Sanders et al. 1988 ; see Fig. 2 ). The spectrum peaks at 60 /lm (in F v), showing that this object is very warm, and almost certainly an obscured AGN.
A combination of the low-and high-resolution spectropolarimetric observations of IRAS 05189 -2524 are illustrated in Fig. 1(f) . In total flux it is evident that the narrow lines are multicomponent, and a Gaussian fit to the Ha + [N II] complex is shown in Fig. 3 , which gives a broad component of 3.1 x 10-14 erg S-1 cm-2 • The polarized flux spectrum shows broad Ha but no evidence for broad Hj3 (which is subject to heavy interstellar absorption, as evident from the lack of narrow Hj3 in total flux). From the ratio of broad Ha in polarized flux to that in total flux, and assuming that electron scattering is responsible for the optical polarization, the intrinsic polarization is calculated to be ~ 11.5 per cent. If we assume a cone half opening-angle of 25°, then the inclination to the line of sight is ~ 29°.
The broad-band filter polarimetry data were fitted using a combination of electron scattering and a direct view of the nuclear near-IR emitting regions, through a calculated extinction ofAv~ 16 mag. Fitting ofthe scattered and direct components across the large wavelength range available with HATPOL (U to K) tightly constrains the possible fit, and the error in the calculated Av to the near-IR emitting regions is of the order of 1-2 mag. Such a low extinction is required to fit the total flux distribution; in order to fit the percentage polarization and the polarized flux distribution, dichroic absorption of relatively high efficiency is required, with Pmax(per cent) =2.5 Av at Amax =5500A. Whilst rela-tively high, this is still consistent with, for example, the observed polarization of the Galactic centre ( ~ 6.4 per cent at K, Bailey, Hough & Axon 1984) , through an extinction of Av~ 30 mag (Becklin et al. 1978) . To obtain a match to the polarization data it is necessary to redden the scattered radiation by Av~ 0.6 mag, when NGC 5548 is used as the source function. The parameters which give the best fit to the total flux, percentage polarization and polarized flux distribution are listed in Table 6 , and the fit is illustrated in Fig.4(a) .
From the amount of flux at the near-IR wavelengths transmitted through the torus, and the calculatedA v to the IR-emitting regions, the intrinsic power density of the source function can be determined. This in turn, to match the observed scattered flux, gives the optical depth for the electron scattering. This optical depth is a function of the scattering cross-section and the number of scatterers through the scattering region. The latter is defined in terms of an inner scattering radius and the number density at this radius and a radial density law. The former two are unknown and the latter is assumed to be r-2 • Somewhat arbitrarily, an inner scattering radius of 1 pc has been assumed, and this leads to a scattering particle number density of 1.2 x 10 11 m -3 at the inner radius. From the measured broad HtX line flux and the scattering depth, an intrinsic broad HtX luminosity of 1.7 x 10 43 (± ~ 20 per cent) erg s -1 is calculated.
The parameters which provide a fit to the broad-band data (Table 6 ) also match the spectropolarimetric data, using M31 as the stellar template. A starlight contribution of ~ 88 per cent at 5500 A provides the best fit, which is illustrated in Fig. 4(b) . 
Narrow-line active galaxies 1227 lRAS 11058 -1131
The spectropolarimetric observations of IRAS 11058 -1131 were briefly reported in Young et al. (1993) . In polarized flux there is a striking broad component to HtX; however, the extension of these observations to the HP region of the spectrum shows little evidence of broad HP, thus indicating extinction within the scattering region, or an absorption screen between the scattering region and Earth. In the total flux spectrum, broad HtX, of the same FWHM as the broad line in polarized flux, is evident (inset in Fig. 1h ) implying an intrinsic polarization of ~ 33 per cent. The [0 III] image of van Heerde (1988) shows a bipolar structure, which is probably associated with the scattering region, as is the case for NGC 1068 (see Scarrott et al. 1991; Miller, Goodrich & Mathews 1991) . From the [0 III] image a narrow cone is indicated, with a cone half-angle of approximately 30°. The inclination of the system to the line of sight is thus ~ 48°, making this one of the highest inclination Seyfert 2/obscured Seyfert 1 galaxies known. model fit to the optical polarized flux HATPOL data indicates an extinction to the scattering region of Av ~ 0.8 mag. The parameters which give the best match to the HATPOL data are listed in Table 6 , and the fit is illustrated in Fig.  5(a) . Again, an inner scattering radius of 1 pc has been assumed in the calculation of the inner radius number density of scatterers. The same parameters also provide the best fit to the optical spectropolarimetry, using M31 as the stellar spectrum, and this is illustrated in Fig. 5(b) .
Even though the inclination to the line of sight at 48° is high, the extinction to the nuclear IR-emitting regions is relatively small, with anAv~ 30 mag. NGC 1068, despite an inclination to the line of sight of approximately 34°, has the higher extinction of ~ 45 mag to the IR-emitting regions ).
An intrinsic broad Ha luminosity of 1.4 x 10 43 erg S-1 is calculated from the fraction of scattered light, as given by the model fits. This value is somewhat lower than that quoted in Young et al. (1993) , which was based on an approximate method of calculating the intrinsic luminosity. The difference between the two values is mainly because of the assumption of an intrinsic polarization of ~ 10 per cent in Young et al. (1993) , rather than the ~ 33 per cent calculated here from a detailed model.
lRAS 14454 -4343
Only spectropolarimetric observations were made for IRAS 14454 -4343, and these are presented in Fig. 1(k) . Both broad Ha and H{1 are evident in polarized flux, the ratio of which implies little, or no, extinction to the BLR through the scattering region. This is backed by sample continuum points in the polarized flux spectrum which, assuming electron scattering, also indicate low extinction to the scattering region. It was possible to deconvolve the continuum spectrum of IRAS 14454 -4343 into contributions from a stellar type of T + 2 (McAlary & Rieke 1988), and a Seyfert 1. The stellar contribution is ~ 94 per cent at 5500 A, and the scattered Seyfert 1 spectrum has an intrinsic polarization of ~ 33 per cent (similar to IRAS 11058 -1131), and the resultant continuum fit is shown in Fig. 6 . The estimated error in the value for the stellar contribution is 2 per cent, and that for the intrinsic polarization is 5 per cent. The lack of any detectable broad component to Ha in the total flux spectrum is consistent with the large intrinsic polarization. The Galactic latitude of the object is only 14°, and therefore there could be a contribution to the polarization from the ISM. However, the large observed polarization and the significant narrow-line depolarization argues against a significant contribution from this source. This has not been considered for this work.
In the absence of near-IR data it was not possible to determine the magnitude of the extinction to the IR-emitting regions of the nucleus, except to say that the extinction must be sufficiently high that only stellar and scattered components are important in the optical spectrum. Also, since it is not possible to scale the source function, it is not possible to directly determine the number density of scatterers.
lRAS 20460 + 1925
This Seyfert galaxy is dominated by a single unresolved nucleus, the optical spectrum of which exhibits quite broad narrow-lines of 1700-2100 km s-l, with possible evidence for broad permitted lines. The 0.5-3.5 !lm spectral energy distribution is one of the reddest known, whilst the 12-100 !lm distribution is one of the flattest (Frogel et al. 1989) . Broad Paa has been detected in total flux (Hines 1991) , thus conclusively showing the presence of an obscured type 1 nucleus. If the broad Paa line arises entirely from a direct view of the BLR, then the extinction to the BLR is ~ 5 mag.
The optical spectropolarimetry (Fig. 1n) shows that the [0 III] AA4959, 5007 lines are multicomponent, as is H{1, and it is possible to approximate the Ha + [N II] complex with double component narrow lines, along with a broad component to Ha. In this respect IRAS 20460 + 1925 is similar to IRAS 05189 -2524, which it also resembles in its spectral energy distribution. The ratio of the broad Ha lines in total and polarized flux indicates an intrinsic polarization for the scattered radiation of ~ 12 per cent, again similar to IRAS 05189 -2524. However, both the polarized flux continuum of the spectropolarimetry and the filter data indicate that there is approximately 1.2 mag of extinction in the scattered radiation, higher than that for IRAS 05189 -2524, and about half the value of extinction to the NLR of IRAS 20460 + 1925 (Frogel et al. 1989 ). However, the fit to the filter data (Fig. 7a) is not of high quality. Also, the extinction of the stellar contribution and the scattered radiation, which fit the filter data, do not fit the spectropolarimetry. For the latter, slightly more extinction to the scattering region is required, and the M31 template had to be reddened by 1 mag of extinction to match the spectral IRAS 05189-2524 ~ r ------,-----------------,-----------------.-----------------,----- IRAS 05189-2524 observations (Fig. 7b) . As with IRAS 14454 -4343 the Galactic latitude is 14 0 and there may be an ISM component to the observed polarization, but again, the evidence is that this is not significant. An Av~ 14 mag along the line of sight to the near-IRemitting regions is required to match the near-IR spectral shape. This then leads to an inner scattering radius number density of 3 x 1011 m -3, and an intrinsic broad Htx luminosity of 6.6 x 10 44 erg S-I. The Av of ~ 14 mag is much higher than that calculated from the observations of broad PM (Hines 1991) , and thus scattering is still important at these wavelengths.
lRAS 22017 + 0319 This is another object for which only spectropolarimetric observations were available. As can be seen in Fig. 1(0) , both broad Htx, and HP are clearly visible in polarized flux, along with a broad component to Htx in total flux. The intrinsic polarization of the scattered radiation is approximately 17 per cent, if the broad Htx line in total flux is because of scattering. To match the observed continuum polarization a stellar fraction of ~ 84 per cent at 5500 A is required (Fig. 8) . Again, it is not possible to determine the extinction to the nuclear regions, except to say that it must be high enough to obscure the direct view to the nuclear region at optical wavelengths.
Mrk463E
Mrk 463E is a steep spectrum radio source, in a double Seyfert 2 system, though at longer wavelengths (> 3.7 JllIl) only the eastern component is detected. The power and size at a wavelength of 20 em is midway between Seyferts and radio galaxies (Mazzarella et al. 1991) . Like IRAS
IRAS 14454-4343
Narrow-line active galaxies 1231 05189 -2524 and IRAS 20460 + 1925, Mrk 463E peaks at 60 !lm in Fy , and like the latter object, at least, exhibits broad Patx in total flux (Blanco 1992; Goodrich, Veilleux & Hill 1994) . Mrk463E has been the subject of optical spectropolarimetry (Miller & Goodrich 1990; Kay 1994) , and shows broad Htx and HP, at a ratio consistent with little, or no, extinction through the scattering region. Also, like IRAS 05189 -2524 and IRAS 20460 + 1925, Mrk 463E
shows two components to its [0 III] line emission (Goodrich 1992) . The filter data (Fig. 9) Goodrich (1990) and Kay (1994) did not detect evidence of stellar features in the spectrum of Mrk 463E, although the former authors did not rule out the presence of hot stars. It is possible that the optical jet . 4a ). 
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Wavelength Angstroms Figure 7 (b). Model fit to the IRAS 20460 + 1925 spectropolarimetry data (details as Fig. 4b ). 
. observed by Uomoto et al. (1993) , if it is not scattered radiation and not intrinsically polarized, may provide the diluting flux. In all; this leads to a number density of scatterers of 1.3 x 10 11 m -3 at the assumed inner scattering radius of 1 pc. However, to match the extremely low percentage polarization in the near-IR, it is necessary for the efficiency of the dichroic absorption of the direct view to the nucleus to be very low, with Pmax(per cent) =027 A v, substantially lower than the average for the interstellar medium. The quality of the fit (Fig. lOa) , however, is very good. The spectropolarimetric data (Fig. 1q) can be modelled using the same parameters as the broad-band data but with a stellar fraction of 50 per cent. The fit is shown in Fig.   lO(b) .
NGC5252
NGC 5252 is an SO-type galaxy with a linear radio source (Whittle 1992) ; [0 III] emission-line images reveal a resolved core and two kpc-scale cone-like plumes to the north-west and south-east (Haniff, Ward & Wilson 1991) . The [0 III] emission axis and the radio axis are misaligned by 6-12 degrees, and the full cone opening-angle is ~ 74° (Wilson & Tsvetanov 1994) . The optical spectrum is dominated by starlight and is thus weakly polarized (Kay 1994) . Correction for a stellar fraction of 90 per cent gives an intrinsic polarization of 11 ± 11 per cent.
The spectropolarimetry presented in Fig. l(t) shows a weak broad Ho: feature, which is complemented by a feature of similar FWHM in total flux, which may represent a broad component to Ho:. If this is the case, then the intrinsic polarization is of the order of 12 per cent as suggested by Kay (1994) . It should be pointed out that the detection of the broad-line features is marginal in both total and polarized flux and that the error in the intrinsic polarization is large at ± 6 per cent. A match to the optical spectropolarimetry is achievable, at this level of intrinsic polarization, with a stellar fraction of 93 per cent at 5500 A (Fig. 11) .
Both stellar and scattered components are reddened, the former by 1.25 mag of extinction and the latter by 2.3 mag. NGC 5252 thus appears to be similar to IRAS 05189 -2524, IRAS 20460 + 1925 and Mrk 463E, but with more extinction to the scattering region. This may be supported by the blue asymmetry to the narrow lines (see Fig. It) , which may represent a reddened second component to the narrow lines. Also, the near-IR lines show a broader component (Ruiz, Rieke & Schmidt 1994) , although broad Pap was not detected by Goodrich et al. (1994) .
Was49b
This object is perhaps the most puzzling of the objects discussed here. The Was 49 system (Wasilewski 1983) consists of two interacting nuclei, which exhibit very strong [0 III] emission (Bothun et al. 1989) . However, it is the secondary nucleus that is the powerful Seyfert galaxy with a luminosity greater than 10 45 erg s-l, at the high end of the Seyfert luminosity tail. The main galaxy, Was 49a, is essentially photoionized by the secondary component. A twocomponent radio source, which is probably associated with Was 49b, is also detected. Although the optical spectrum is narrow-line dominated, there are broad components to both Ho: and HP, with FWHM of 6660 km s -1. The observed narrow-line luminosities are approximately 200 times greater than expected from the observable continuum source, which indicates that the Seyfert 1 nucleus is essentially obscured (Moran et al. 1992) . It thus seems likely that the broad-line components in total flux are a result of scattering, and that the broad-line ratios indicates little, or no, extinction to the BLR through the scattering region. Tran, Miller & Kay (1992) obtained optical spectropolarimetry of Was 49b, and demonstrated a scattered component to the Balmer emission lines, with a similar FWHM to the broad lines in total flux. Since the nucleus of this object is essentially obscured, and yet the broad hydrogen lines in both total and polarized flux show litle sign of extinction, it is safe to assume that the lines in total flux represent the scattered line radiation. The intrinsic polarization is then ~ 20 per cent.
However, even with this information, it was not possible to make a fit to the filter data (see Fig. 9 ) using any type of galaxy flux template. This is consistent with the lack of stellar features in the optical spectrum, as noted by Tran et al. (1992) . If it is assumed that the continuum and BLR are scattered in the same manner, then the total flux because of the scattered component can be subtracted from the observed flux at each wavelength point. Once again, for Was 49b, this does not resemble a stellar-type distribution. What it does resemble though, is a power law with a radiative break and/or reddening. Whilst it was not possible to reproduce the residual spectrum precisely, a good match was achieved with a power law of spectral index 0: = 0.21 (F,ocv-") , and a critical frequency of 3.87 x 10 14 Hz. If extrapolated back to A = 6 cm, then the flux because of this postulated component is 15 mJy, the same flux measured for the brighter of the two-component radio source probably associated with Was 49b (Moran et al. 1992) . The best fit overall, was made with the addition of a stellar component, ~ 5 per cent at 5500 A of a T + 5 galaxy. Whilst this interpretation is speculative, it could be that the main diluting source for the scattered radiation was Was 49b is from the optical tail of the radio power law. Alternatively, a very blue stellar population (bluer than T + 5) contributing approximately 75 per cent of the total flux at 5500 A may be responsible for the dilution of the scattered radiation. This is, however, not consistent with the lack of stellar features in the observed spectrum.
Given the above fit, there remains excess flux at K, which may be due to a direct view of the nuclear regions. The observation by Moran et al. (1992) that the AGN is intrinsically 200 times more powerful than observed, gives a measure of the amount of radiation scattered, allowing a calculation of the extinction to the nuclear region required to give the correct flux distribution. This is determined to be 68 mag, and using the cone geometry assumed for most of the objects in this study, the number density of scatterers is 6 x 10 10 m-3 , at an inner scattering radius of 1 pc. This fit is illustrated in Fig. 12 .
DISCUSSION
The optical polarization properties of all the type 2 active galaxies in our sample can be accounted for by means of electron scattering of continuum and broad-line radiation. However, if the underlying source spectrum is that of a bare Seyfert 1, like NGC 5548, then all the galaxies require an 
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Figure 10(b). Model fit to the Mrk463E spectropolarimetry data (details as Fig. 4b ). additional polarization mechanism in the near-IR. In this respect, the type 2 galaxies modelled here are like NGC 1068 . The obsetvation of a different position angle of polarization is the near-IR for some of the galaxies, again similar to NGC 1068, adds weight to the need for a secondary polarimetric mechanism. If this secondary polarization source is a view of the nuclear regions through aligned grains, then the efficiency of the dichroic absorption varies from object to object. This may be as a result of the local magnetic field structure within the torus. The overall magnetic field must lie in the equatorial plane of the torus, or nearly so, for dichroic absorption to give a similar position angle for the polarization to that from the scattering. An alternative to the efficiency of the grain alignment varying dramatically from object to object is that the grains producing the near-IR flux are themselves aligned, and this results in partially polarized emission (with a position angle of polarization normal to the dichroic absorption). The net result of the two competing polarizing mechanisms is that the percentage polarization decreases with increasing wavelength as more emission is obsetved owing to the lower extinction at these wavelengths. At some wavelength the position angle of polarization will flip through 90°, as in the case for NGC 1068 (Bailey et al. 1988 ). This would mean that those objects with a smaller extinction to the near-IR emitting regions should show a lower effective dichroic polarizing efficiency. This is obsetved to be the case, especially for Mrk 463E, through IRAS 05189 -2524 is an exception. With the exception of Was 49b, the objects studied are dominated by starlight, with the lowest fraction of starlight at 5500 A being 65 per cent for Mrk 463E. Both Miller & Goodrich (1990) and Kay (1994) determined that there was little contribution from stars in the spectrum of this object, although the former authors did not rule out the presence of hot stars. A relatively blue stellar type, T + 4 (see McAlary & Rieke 1988) , gave the best fit to the 5.0-arcsec aperture filter obsetvations. Other objects modelled, e.g. IRAS 05189 -2524, 11058 -1131, 14454 -4343 and 22017 + 0319 required galaxy types of T + 2 to T + 4. For such stellar types the absorption features, usually used to determine the stellar fraction, are relatively weak, so possibly leading to an underestimate of the contribution from the stars in the host galaxy of the AGN. Also, the spectral break around 3900-4900 A is less pronounced than for redder stellar types, so this technique, as used by Kay (1994) , can also lead to errors. For four objects from the sample for which Kay (1994) predicted the intrinsic polarization, Hurt (1994) obtained UV spectropolarimetry using the Hubble Space Telescope (HST), and found markedly different percentage polarizations or position angles, further evidence of the difficulty in determining the stellar fractions in active galaxies. The percentage polarization used to fit to the spectropolarimetric data of the Seyfert 2 galaxy NGC 5252, is similar to the value estimated by Kay (1994) , which may be because the host is a relatively red SO Hubble type. However, the error is large, and the detection of a broad line, in polarized and total flux, is not conclusive.
The diluting spectrum for Was 49b appears to be power law in nature, with an exponential radiative break. The fraction of stars required for the best fit is small, at around 10 per cent, unlike the other galaxies modelled here. The small Narrow-line active galaxies 1237 fraction of stars in the flux spectrum of this object may be related to the fact that the active nucleus is a satellite galaxy in rotation, within the disc, about the main galaxy Was 49a (Moran et al. 1992) . The stellar population associated with the b-nucleus may have been disrupted by the tidal forces arising from the merger.
Cone-based Rayleigh scattering was found to be untenable as the major polarimetric mechanism for all the objects. In the small-particle regime, the absorption crosssection is always greater than the scattering cross-section, and whilst without absorption it is relatively easy to scatter the required amount of flux to match the optical/IR scattered spectrum with the IR direct flux, the shape of the polarized spectrum, using a Seyfert 1 source spectrum is wrong. With absorption, adding extra scatterers to compensate for the reduced flux can result in the scattering region becoming optically thick, and thus, not only do most of the scatterers see a greatly attenuated source, but also the obsetver cannot see all the scatterers. Thus, for any dust scattering region there is a maximum to the amount of flux that can be scattered; fewer scatterers obviously means less scattered flux, more scatterers means a smaller optically thin region and hence, less scattered flux. Assuming a uniformly filled cone, and a typical size for the scattering region it was not possible to produce enough polarized flux at optical wavelengths, for a given luminosity, to match the IR flux seen through the torus. One advantage of dust scattering with extinction is that the scatterers on the near-side of the cone are less attenuated than those on the far-side, and thus the polarization of the scattered radiation is lower than for the equivalent electron scattering case, and higher inclinations are thus possible. It is possible that where broad lines are obsetved in total flux that this arises from a direct view of the BLR through a relatively low A,. However, if this is assumed, and if it is assumed also that the underlying source function is that of a Seyfert 1, no fit could be made to any object which satisfied the wavelength dependence of total flux, percentage polarization and polarized flux.
The majority of the galaxies obsetved in spectropolarimetry do not show any clear evidence for broad lines in polarized or total flux. There remain four physical possibilities, at least, as to why this is the case. The first is that some systems do not possess a BLR, which is not testable, and if so, the unified theory is not complete. The second possibility is that the obscuring torus is tall, or there are extra clouds of dust and gas on top of the true torus, which can block the view of the scattering region. Most of the objects with detectable broad lines in polarized flux have relatively low intrinsic polarization and hence low inclinations of the torus polar axis to the line of sight. At higher inclinations, the tall torus or extra absorption will remove the scattered radiation, if the scattering region is close enough to the nucleus. The third possibility is that, since electron scattering appears to be the dominant polarimetric process, if these electrons are hot, then the scattered line may be thermally broadened and, perhaps, rendered unobsetvable. Evidence for thermal broadening exists for the nuclear scattering from NGC 1068 (Miller et al. 1991; Inglis et al. 1995) and may be common place. The final possibility is that scattering screens are not universal, which can only be tested if broad lines are obsetved directly, but not in the polarized flux spectrum of an object. The fact that all objects show some polarization may be an argument against this possibility however. It could be that the signal-to-noise ratio in the polarized spectrum is simply not high enough to permit the detection of scattered broad lines. The detection rate of scattered broad lines in narrow-line objects will be discussed more in a later paper.
Evidence for absorption in the vicinity of the scattering region comes from the requirement to redden the scattered Seyfert 1 continuum, to match the polarization properties in all but three of the objects modelled here. The amount of reddening required, however, does not correlate with inclination, which suggests that the obscuration is patchy.
If there is a significant narrow line, or lines, in polarized flux at the same wavelength as the scattered broad line, then it too could mask the presence of the broad line. This is especially so if the narrow lines are relatively broad and the broad lines relatively narrow.
The calculated extinctions to the IR-emitting regions, based on the modelling of the spectral shape, tend to be low, which may seem inconsistent with the general lack of broad permitted lines in the total IR spectrum of many objects. It is possible that the line of sight to these emitting regions is different from that to the BLR (see also Young et al. 1995) , especially if the majority of the near-IR flux comes from a separate dusty region close to the nucleus, but within the cone and not the torus, as required to fit the spectral energy distribution of NGC 1068 in the model of Efstathiou, Hough & Young (1995) .
CONCLUSIONS
Broad lines in polarized flux have been detected in a number of lRAS galaxies. By measuring the ratio of the broad lines in polarized flux to that in total flux, where available, or by determining the relative fraction of scattered Seyfert 1 radiation and stellar contribution in the spectrum, the intrinsic polarization of the system can be determined. With the assumption that the broad line and continuum photons are scattered to the same degree, it has been possible to model the total flux and polarization behaviour in both broad-band and spectropolarimetric data for all but one object, using the standard unified picture of type 1/2 active galaxies. The morphological types are usually blue, but do spread over the entire range of galaxy types.
Was 49b appears to be an exception to the above, having a diluting spectrum which is a power law with an exponential radiative break. It is speculated that this may be the optical tail of the radio emission from this object. Further observations at more than one radio wavelength would fix the spectral index of the radio emission, and hence, determine whether the speculation is valid.
The majority of the type 2 objects observed with spectropolarimetry for this program do not show clear evidence for broad lines in polarized flux, showing that either the scattered radiation is obscured from view, or the lines are thermally broadened and rendered unobservable, or the unified theory is not correct.
In the modelling of those objects where the number density of scatterers (at the assumed inner scattering radius of 1 pc) could be determined, a calculation of the intrinsic broad Hx luminosity is possible, since the boost factor for the scattered radiation can be deduced. The lowest luminosity is 1.4 x 10 43 erg S-1 for IRAS 11058 -1131, and the highest 6.6 x 10« erg S-1 for IRAS 20460 + 1925. These line fluxes are high for Seyfert Is, and are representative of QSOs. The calculated line luminosities are consistent with the IR (25-60 J.Ull) luminosity of these objects. Plotting the objects of Ward et al. (1988) as L(Hx) versus L(IR) then the luminosities calculated here lie within the scatter for the type 1 objects.
APPENDIX: NOTES ON INDIVIDUAL OBJECTS
Objects which have significant points of interest, but with insufficient data for detailed modelling, are outlined below.
lRAS 00521 -7054 IRAS 00521-7054, which lies behind the SMC, ranks with IRAS 20460 + 1925 as having one of the reddest 0.6-10 11m flux distributions, but with one of the warmest 12-100 11m distributions (Frogel & Elias 1987) . Vader, Frogel & Gillet (1988) noted a significant difference between the FWHM of HlX and [0 III] AS007, but this is not borne out by our spectropolarimetry (Fig. 1a) , which shows that the narrow lines have similar widths. A possible broad component to HlX, FWHM '" 6000 km s -\ was noted by Frogel & Elias (1987) ; this cannot be confirmed from the present observations. A broad component of '" 2700 km S-1 was required to fit the HlX + [N II] complex, in order to keep the ratio ofthe [N II] lines at their theoretical value; this could be a result of the non-Gaussian shape of the narrow lines, as evident for the [0 III} lines in Fig. l(a) . This object is only marginally polarized, becoming more significantly so at longer wavelengths. The quality of the data does not allow any identification of a broad component to HlX in polarized flux.
lRAS 04385 -0828
This is another object the flux distribution of which peaks at 60 11m, in F" (deGrijp et al. 1987) . The Gaussian fit to the HlX + [N II] complex requires a broad component of '" 1300 km S -1, compared to the narrow line widths of ~ 340 to 380 km S-1 (Osterbrock & DeRobertis 1985; see Table 4 ). However, all the narrow lines exhibit broad bases, as evident in Fig. l(e) .
The optical spectropolarimetry shows only weak polarization, and the polarized flux spectrum is too noisy to show much structure. The HATPOL data (Fig. AI) is in general agreement with the spectral data, but shows a polarization position angle swing at K, compared with that in the optical.
lRAS 08572 + 3915 IRAS 08572 + 3915 shows a double nucleus of comparable brightness in the optical, but at IR wavelengths, the north-west component dominates (Armus, Heckman & Miley 1989) . A flat-spectrum radio source, tx ~ 0.27
(Fvoc v-·) is associated with the active galaxy (Condon et al. 1991) , which is classed as a LINER (Zhou, Wynn-Williams & Sanders 1993) . The filter observations (Fig. AI) show the most remarkable polarization properties. The percentage polarization rises from an ill-defined 0.5 per cent in the optical to 14.7 ± 0.8 at 2.2~, with a position angle of ~ 52°, approximately perpendicular to the vector joining the two optical components. The polarized flux at K is ~ 350 times greater than that at B, whilst the similar ratio in total flux is 24. IR spectropolarimetry would be useful to determine the nature of the polarization at these wavelengths.
lRAS 13197 -1627 This object shows blueward asymmetries to its narrow lines, and there appears to be a broad base to C IV .U550 (DeRobertis, Hutching & Pitts 1988) . The line widths show a correlation with the critical density (Osterbrock & DeRobertis 1985) , as is typical for Seyfert 2 galaxies. Previous polarimetry has shown this object to be weakly polarized in the optical at a different position angle to that at shorter wavelengths (Brindle et al. 1990; Kay 1994) .
The spectropolarimetry presented in Fig Fig. 1m ). At first sight the polarized flux spectrum seems to be showing evidence of a broad component to Ha; closer inspection shows a rise in percentage polarization on either side of the [0 III] ,1,14959,5007 lines which also leads to a broad base in polarized flux. The core of the narrow lines still depolarize. It would seem, therefore, that the core of the narrow lines are seen directly, but there is a narrow line emission region with broader lines, presumably closer to the nucleus, which is at least partially obscured, and the radiation from this region is scattered into the line of sight, and thus polarized.
NGC1097
NGC 1097 is a barred spiral Sersic-Pastoriza galaxy classed as a LINER (Keel 1983; Phillips et a1. 1984 ) the nucleus of which surrounded by a 1.5-kpc ring of H II regions (Phillips et a1. 1984 and references therein) . From imaging, this ring has been identified as a tightly wound © 1996 RAS, MNRAS 281,1206-1242 spiral (Forbes et a1. 1992) . Perhaps the most remarkable aspect of this weak active galaxy is the presence of four optical jets extending over 90 kpc, emanating from the nucleus (Wolstencroft & Zealey 1975; Arp 1976; Lorre 1978) . The galaxy also contains a compact self-absorbing synchrotron source (Hummel, van der Hulst & Keel 1987) and shows a high X-ray luminosity of 1.1 x 10 41 erg S-1 (Fabbiano, Kim & Trinchieri 1992) .
In 1991 Storchi-Bergmann, Baldwin & Wilson (1993) observed broad double-peaked Balmer emission lines, with a Ha to HP ratio indicative of little reddening, and a blue featureless continuum. Subsequent monitoring has shown that the flux and the profile of broad Ha were constant for 11 months, this was then followed by a decrease in line flux and a change in profile with an increase in the Ha to HP flux ratio (Storchi-Bergmann et a1. 1995) . The double-peak profile was heavily red asymmetric, which is not that expected from the standard models of a relativistic accretion disc or collimated outflow, and the profile became more symmetric as the flux varied.
Our spectropolarimetry (Fig. 1r) was obtained eight months after the broad lines were discovered, and we measure a flux consistent with that of Storchi-Bergmann et a1. (1993) and consistent with no flux variations in the first 11 months. The polarization data is poor, but there does not seem to be any polarization features associated with the broad lines.
NGC4388
Shields & Filippenko (1988) reported off-nuclear broad Ha in total flux, which they attributed to scattering, however, Cid Fernandes & Terlevich (1995) (Shields & Filippenko 1988) , and X-ray observations show a type 1 AGN spectrum (Kay 1994) , indicating that the extinction to the nucleus is
